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This mathematics guide, for use in grades 9-12, is 
one of a series of guides, K-12, that were developed by teachers to 
help introduce environmental education into the total cut -iculum. 
Since the nature of mathematics is abstract, students do nut learn 
mathematics from ecology, nor ecology from mathematics. But, by 
observation and manipulation of environmental data, the students may 
inductively discover a principle in mathematics which can be reached 
deductively. The purpose of this booklet is to make an attempt to 
bridge mathematics and ecology. The guide is a supplementary handbook 
of ecologically-oriented mathematics exercises, designed to be 
self-contained and complete with answers. The exercises are built 
around 12 major environmental concepts that form a framework for each 
grade or subject area, as well as for the entire K-12 program. The 
problems and exercises are designed to be integrated into algebra, 
geometry, advanced algebra, probability, statistics, trigonometry, 
and analysis. Each lesson deals with a mathematical concept and its 
applications to an environmental problem. Further, each lesson offers 
subject area integration, subject area activities, interdisciplinary 
activities, cognitive and affective behavioral objectives, and 
suggested references and resource materials. (Author/TK) 
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Worksheet Alg. 1-B 



In the following problems, plot the pairs on graph paper 
and connect the points in order. 



1) 



1. (-4, -5) 12. (4, 0) 23. (-.4, 6) 

2. (-3.5, -5.5) 13. (4, 6) 24. (-3.5, 5.5) 

3. (-3, -5.8) 14. (3.5, 6.5) 25. (-3, 5.2) 

4. (-2.5, -5.9) 15. (3, 6.8) 26. (-2.5, 5.1) 

5. (-2, -6) 16. (2.5, 6v9) 27. (-2, 5) 

6. (0, -6) 17. (2, 7) 28. (2, 5) 

7. (2, -6) 18. (0, 7) 29. (2.5, 5.1) 

8. (2.5, -5.9) 19. (-2, 7) 30. (3, 5.2) 



9. (3, -5.8) 20. (-2.5, 6.9) 31. (4, 6) 

10. (3.5, -5.5) 21. (-3, 6.8) 32. (3." 

11. (4, -5) 22. (-3.5, 6.5) 



Connect (-4, 6) and (-4, -5). 

What polluting article does this represent? 



2) 

1. (-5, -4) 

2. (0, -4) 

3. (3, -3) 

4. (3, 1) 

5. (1.7, 3) _^Connecc (0, 0) and (3, 1) 

6. (1.7, 4) Connect (0, 0) and (0, -4) 

7. (-3.3, 4) Connect (-5, 0) and (-5, -4) 

8. (-3.3, 3) Name the object. 

9. (-5, 0) 

10. (0, 0) 

11. (1.7, 3) 

12. (-3.3, 3) 



BEST con AVMUBLE 

Ans wers to Ala. l^B 
Right circuli^r cylinder (can) 
Milk carton 
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Worksheet Al g. 2-A 




Altitude of 
sun in degrees 

60° 
30° 
IQO 
0° 



Length of path 
of sun'fe rays 

1.00 
1.15 
2.00 
5.70 
44.70 



The path of sunlight through the atmosphere is almost 
fortv-five times as long when the aun is on the horizon 
as when it is directly overhead. The above table shows 
the length of the path changes with latitude. 



A. 



What is the highest elevation of the sun at 44 1/2° 
latitude? Follow these directions: Subtract your 
latitude from 90° (this is your colatitude). Now 
add 23 1/2 to the colatitude. This is the highest 
elevation the sun will attain where you are* 



B. 



2. 



Use interpolation on the above table to find the 
length of path of the sun*s rays at the elevation q 
you found in problem •'A" (above). 



A. 



B. 
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Conversion formulas 
for Centigrade and 
Fahrenheit tempera- 
tures are: 

C « 5/9 (F - 32) 
F - 9/5 (C + 32) 

Find the centigrade 
temperature corres- 
ponding to 22° F. 

Find the Fahrenheit 
temperature corres- 
ponding to 220 



Boiling point of 
water 



Body temperature 
Room temperature 

Freezing point of 
water 



Temperature of 
dry ice 

Temperature of 
liquid air 



C Of 
100 f 212 



37.0-98.6 
20.0-68 

0--32 



•40 -.-40 
-79 —110 



•200 --328 



^ COM imm 



'■■•Ll'lii;'''.' 2 -A (. Cent i.H.ie.d) 

3« The amoii :t: of h vnt; needed to '-aise the temperature 
of a giv'. a amou.i . uf water can be computed by 
m.i.ltipl-, ! r :. the. ■aass by the x iae in temperature. 
In formu].;-, form; 

Heat in L'i'.. 's = 'Mass of water in pounds) x 

(Temp, change in F) 

A, How much heat is needed to raise the temperature 
of 12 pounds of water from 60° to 212° F? 

B, Compute the initial temperature of 200 pounds 
of water raised to a temperature of 100° F if 
2,000 BXa's of heat are put into it, 

4, The specific heat of a substance is the number of 
calories required to raise one gram of the substance 
through one C°, on the number of BTU's to raise one 
pound of the substance through one F^, 

The specific heats of some common substances are 
listed in the following table: 

Water 1.00 
Alcohol 0,55 
Ice 0,50 
Aluminum 0.22 
Iron 0.11 
Lead 0.031 

Heat put into a body equals mass of body x specific 
heat X rise in temperature. Or in symbols, H - m x 
s X (t2 - ti) 

Compute the heat needed to raise the temperature of 
0,31 gm, of aluminum wire from 20°C to SOOOC, 
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BEST COPY AVAIU6UE 

Answers to Alg. 2»A 



IS- 



1. A. 69° 
B. 1.105 

2. A. ^5.60C 
B. 720F 

3. A. 1800 BTU's 
B. 90OF 

4. 19.1 calories 
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Ivorksheet: Geom. 1-A 
DISCOVERING YOUR ENVIRONMENT 
Area, Perimeter, and Sh'jpe 



BEST copy ny„y^g^^ 



/9 



Objects and areas found in the cla«sruo.,i r.md outdoors can be used 
to apply so'.ne of the mathematical knovjlodvv-.; <ii.ul skills you have 
developed. You should remember that peri nietor is the distance' 
around an object, area refers to the sii:e of the. surface and shape 
is defined as a square, circle, rectangle, etc. 



Observations and Problems 



INDOORS 



perimeter 
Use 



Estimate in feet the 
of the classroom. 
a yardstick to measure the 

perimeter Compare the 

results 



OUTDOORS 

1. If you could look at your school 
building from an airplane, what 
shape do you think it would be? 



Which was larger? 



2. 



of 



2. 



3. 



4. 



Using the information ac- 
quired in measuring the 
classroom, what is the area 

the classroom? ^ 

Locate the north and east walls 
in the classroom. Which of the 
walls do you think has the 
greater area? 

Use a yardstick to measure both 3. 
walls and compare your finding 
with your estimate. 
Outside the classroom door is a 
hallway. Estimate in feet the 
length and width of the hall- 
way. Length Width 

Use a yardstick to measure 
feet the length and width of 

hallway. Length 

Width 2 

Compare your estimation and your 
actual measurement. What is the 
percentage of error between 
your estimated length of the 
hallway and the measured length 

of the hallway? (To find 

percentage of error', divide your 
error by the measured distance 
and multiply by 100.) 



Estimate m feet the perimeter 
of the school building 
Measure the perimeter of the 
school building using feet as 
the standard unit of measure 

What is the difference 

between your estimation and the 

actual measurement? 

What is the percentage of 
error? 

What is the sTiape of the school 
ground? What is the area 



contained 



in 



.-,)....^- 
tne 



school ground? 



in 



the 



5. 



Locate the west wall of the 

school building. Estimate the 

length and height of the wall 

and compute the area contained 

in the wall 

An acre is a measure of land and 

contains 43,560 square feet. (A 

parcel of land 208.75 feet on each 

side is an acre.) 

Using the above information, what 

would you estimate to be the 

number of acres in the school 

ground ^Note : Ask your 

principal to check the school 

architect's building plans so you 

can compare your answer with the 

„ . X. ^ r,i. actual size of the school ground. 

Going the Next Step ^ 

1. Volume refers to the capacity of a given object or area, or to the 

space occupied by it. The mathematical formula for finding volume Is 

length X width x height. Using this formula and the data you secured 

in working the above problems, compute the volume of the classroom, 

hallway, and school building. 

Using your home as the object to measure, try these same eKercises. 



2. 
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W orksheet Geom. 1"B 
DISCOVERING YOUR ENVIRONMENT 
School Parking Lot 

Because few people walk from home to their place of work, there is 
an Increasing need for automobile parking space. Providing ample 
parking space for everyone is expensive to the employer. But he must 
do this if he is to keep his employees. Schools must also set aside 
areas on the school ground 'to be used for parking. This limits the 
space available for play and for educational purposes. 



Observations and Problems 



1. Describe the composition of 
the materials used in the 
parking lot 



Width: 



Compare the results 



2, Is the parking lotTevel? 



What evidence can you find to 
support your answer? 



8. 



9. 



with your estimations « 
What is the number of square 
feet contained in the parking 
lot? (Multiply length x width). 



3. What kinds of plant or animal 10, 
life do you find in the parking 
lot? ; 

4. Is the parking lot affected by 
weathering? If yes, 
describe the evidence you find 

to support your answer. 11. 



5. In addition to providing space 
for parking cars, is the parking 
lot area used for other pur- 
poses? I f yes, how is it 
used? 

6. Estimate in feet the length and 
width of the parking lot. 
Width ' Length 

7. Use yardsticks or measuring 
tapes to measure the length 
and width of the parking lot. 
Length Width 



How many .linear feet are con- 
tained in the perimeter of the 
parking lot? 

If the average-size parking 
space is 9 feet wide and 24 feet 
long (this provides enough space 
for the cars to back up and 
drive out), what is the maximum 
numbers of cars that can park 
in the parking lot? 
Materials used in parking lots 
are usually purchased in quan- 
tities of cubic yards. A cubic 
yard of material will cover an 
area that is 9 feet wide, 9 feet 
long, and 4 inches deep. Using 
this information, find the 
answers to the following questions; 
If blacktopping costs $9.75 per 
cubic yard, how much would the 
school have paid for the materials 
In the parking lot? 
If concrete costs $15 .50 per cublc^ 
yard, how much would the school 
have paid for the materials in 
the parking lot? 



Going the Next Step 

1. If you had planned the school site, would you have located the 
parking lot in the same spot on the school ground? If not^ where 
would you have placed it? Give reasons for your decision. 

2. Should the school provide free parking space, or should each person 
be expected to pay a parking fee to be used in providing and main- 
taining parking facilities? 

3. Explain the ways in which insufficient parking space tends to 
affect the behavior of people. 
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1. A marsh, which is the natural habitat of much animal 
life, is 30 miles long and 10 miles wide. A major 
highway is to cut lengthwise through the marsh, using 
a strip 1/2 of a mile wide. 

a. What is the area of the original marsh? 

b. What is the area of the highway? 

c. If three square mile supported 1% of the natural 
animal life in the marsh, what percent of the 
animal life has now been replaced by the highway? 

2. Lake Pothole is 600' long, 400* wide, with an average 
depth of 20*. The Allbad Industry has been polluting 
the lake by pumping its sewage into it, at the rate of 
14,960 gallons per day. 

a. At the equivalence of 7.48 gallons of sewage per 
cubic foot, how many cubic feet of sewage is 
being pumped into the lake daily? 

b. How many cubic feet would this amount to in one 
year (365 days)? 

c. What is the percent of increase (to the nearest 

%) in the volume of the lake due to the pollution? 
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300 square miles 
15 square miles 
5% 



200U cubic feet 
730,000 cubic feet 
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Worksheet Geonu 3-B 



1. Draw the following geometric figures: 

Square, Rectangle, Circle, Ellipse, Hyperbola, Parabola, 
Regular Octagon, Regular Hexagon, Equilateral Triangle. 

For each of the above figures, seek to find symmetry to 
a point, and then symmetry to a line. Give yes or no 
answers. If your answer is yes, construct the point, 
or line, to which your figure is symmetric. 

3. Does a sphere have symmetry with respect to: 

a. A plane thru the center? 

b. The point at the center? 

c. A point on the sphere? 

d. A line thru the center? 

4. Points A and A' have symmetry with respect to the 
X-axis. Find A' when A is: 

a. (3. -1) 

b. (-2, 0) 

c. (0, 4) 

5. Points C and have symmetry with respect to a line 
parallel to and 4 units to tne left of the y-axis. 
Find C' when C is: 

a. (-2, 4; 

b. (3, -2 

c. (-4, o; 

6. Points E and E' have symmetry with respect to the 
origin. Find E' when E is: 

a. (4, -3) 

b. (2, 0) 

c. (0, -5) 

7 1 Points G and G' have symmetry with respect to point 
(3, -2). Find g' when G is: 

a. (4, 7) 

b. (3, 3) 

c. (0, 0) 



8. 



Points J and j' have symmetry with respect to a 
Point S. Find S when J, j' are: 



a. (4, 2) and (-4, 2) 

b. (2, 3) and (4, 7) 

c. (-6, 1) and (-2, 3) 
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Answers to Geom. 3-B 



1, Draw figures. 

2, All answers are yes« Examples: 




i-e 



3. 



4. 



5. 



6. 



7. 



8. 



a. 
b. 
c, 
d. 

a. 
b. 
c. 

a. 
b. 
c. 

a. 
b. 
c« 

a« 
b. 
c. 

a. 
b. 
c. 



Yes 
Yes 
No 
Yes 

(3, 1) 
(-2, 0) 
(0, -4) 

-6, 4) 
-11, 2) 
:-4, 0) 

(0, 5) 
2, -11) 

{V. 

(-4, 1) 
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Worksheet Geom. 4-A 



A cross-section diagram of an 
earth dam. 

a« Why is the dam thicker 
at the bottom? 



CONCRETE 



b. What geometric patterns 
can you find in the 
structure of an earth 
dam? 

Aeriel view of a straight wall 
dam and of an arched dam. 




EARTH 



f r ^ r / r f f // 

BEDROCK 




n 



a. Which dam is stronger? Why? 

b. Conduct an experiment, using a piece of flexible 
cardboard. 

1) Place it over an open space between two desks. 
How much weight will it hold before bending 
down? 

2) Now curve the surface up and brace it over the 
space. How much more weight will it hold? 

3) Based on this experiment, which type of dam 
is stronger? 

c. Why does the drch point upstream? 

d. Can you think of any other applications of an arch 
in construction? 
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Worksheet Geom, 5~A 



Mark a "base line" with 2 stakes and a string on one 
side of your area. The distance between the 2 stakes 
is selected by the individual and it is suggested that 
the distance represents a length which can easily be 
converted to scale drawing. Label one stake "A" and 
the other "B". Attach a protractor at stake "A", 
select an object in the area and measure the angle 
of the object to the "base line" (string). Record 
this angle measure. 

Go to stake "B" and record the angle from the same 
object and the "base line". 

Follow the same procedure with other objects in the 
area that you want to map. Be sure to record the 
angle measurements of objects at the two stakes. 

A scale drawing of the area can be constructed by 
using the selected scale and the angle readings which 
you obtained. 

Note: A sextant could be used in place of a protractor 
in this episode. 
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Worksheet Geom. 6-D 

BEST OOFX mmiE 

FLOOR TILES; ?hool I NAME 




A. Jeff wanted to finish his clubroorn floor using tiles in the shape of regular 
polygons. All sides of regulor polygons hove the same length and all angles 
have the same measure . 

Which regular polygons can be used to completely cover the floor ? To find 
out, we will perform an experiment using the regular polygons on sheet 3 . 

Directions: 

1. Carefully cut out the figures on sheet 3 . 

2. Group all the regular polygons having the same shape . 

3. Use the set of triangles. Placed vertex of one of the 
triangles on point P. Continue placing triangles to fill 
up the region around point P. Rsmember there should 
l» no overlapping. 

4. Record your doto In the Table on thenf ? 

5. Continue this process until you hove teeted each group. 



FLOOR TILES! Sheets 



NAME . 



¥2 



Name of 
Polygon 

i ' 


Measure of each 
interior angle 


Number of angles 
meetina at Doint P 


Total number 
of degrees 


Con the regular 
polygon be used 
as 0 Tile f 


* - .. ,. 

Triangle 
Square 
B^ntagon 
Hexagon 


- 









B. 



6 Use the Table to complete this statement: 

If the sum of the measures of ttie interior angles at the point is ° 

the regular polygon can be used as o tile . 
Some tile designs can be made using different combinations of regular polygont. 
Follow the steps below; 



Race a regular 




Mark o point 




Connect the 




polygon on the 




at each 


— *• 


points with a 


— ► 


paper. 




vertex 




straightedge 

















Continue process 
using different 
figures to completely 
cover the region. 






"H'y to make this design; 




Make some other tile patterns . 



BEST copy mimii 



R-OOR TILES: Sheet 3 
Carefully cut out eah regular polygon. 




BEST COM titfm\i H4 

Answers to Geom, 6«'D 

Name, of Measure of Number of Total No. Can the 

Polygon Each Interior Angles Meeting of Degrees Regular 

Angle at Point polygon be 

used as a 

tile? 

Triangle 60° 6 360° Yes 

Square 90° 4 360° Yes 

Pentagon 108° 3 324° No 

Hexagon 120° 3 360° Yes 



Note to Teacher : 

A related classroom activity could be to divide the 
class into small groups--a row may be convenient. 
Have each student create a design. Have each group 
select its best design, and the student who created 
it is to reconstruct it on an overhead projector, 
using colored transparencies. 
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Worksheet G eotn, 7"C 
Here is a summary of the connectives studied in this unit. 



<^7 



1. Negation 

2. Conjunction 

3. Disjunction 

4. Implication 
5* Equivalence 



Symbolized as*^? 
read as "not P". 

Symbolized P/S Q 
read as *'P and Q". 

Symbolized as PVQ 
read as "P or Q", 

Symbolized as P-^Q 
read as "If P, then Q", 

Symbolized as P^Q 

read as "if P, then Q and If Q, then P 



Complete the L.ath tables for each of these propositions. 



1. Negative 



2. Conjunction 



3.' Disjunction 



P "^P 

T 

F 

P^i^ P^Q _ 

T T _ _ 

T F 

•MM •tin 

F r 

MM* H •- *• 

F F 

P Q PVQ 

T T 



4. Implication 



T 
F 
F 
P 



F 
T 
F 

SI. 



T 
T 
F 
F 



T 
F 
T 
F 



(Continued) 



4a 

Worksheet Geom. 7"C , .o, - ™ 

BEST COPV AVWWBLE 

statement Converse 
If P, then Q If Q, then P 

Inverse 

If not P, then not Q 

Contra-positive 

If not Q, then not P 

5. Statement 

If water is clean, then fish will live.. Write the 
converse, inverse, contra-positive for this statement. 

6. Statement 

In order to stay alive, it is necessary to have a 
supply of fresh air to breathe. 

P A person has fresh air 

Q A person is alive 

Write a statement and its contra-positive. 

7. Complete the truth table below for the proposition. 

^(P->Q) 
P Q P-*Q ^P-*Q) 

T T 

T F 



F T 
F F 



8. The proposition. 

(-^PVQ) A (PV/ -^Q) 

requires that you construct (PV^^), 
('-Pv/Q), and the conjunction 
of these two propositions. 

Complete this truth table. 

P Q ^p (^PVQ) (?V^Q) C>^PVO)A (pV^) 

T T 

T F ■ 

F T _J 

F F 
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Answers to Geom, 7-C 



!• T 


2. T 


3. T 


4. T 


P 


F 


T 


F 




F 


T 


T 




F 


P 


T 



5» Converse 

If fish will live, then water is clean • 
Invers e 

If the Water is not olean^ then the water is not clean. 
Contra -positive 

If the fish will not live then the water is not clean, 

6. If a person has fx^esh air, then the person is alive. 

If a person is not alive, then the person does not 
have fresh air. 

T 

■P • 

T ' ■ T y . 

P . • ■ T , . F 

T F ^ F ' 

T T X 



7. P-»Q 

T 
P 
T 
T 

P F 
P If 
T F 
T T 
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ONE FAIR FR\OftV \W Fftftn)C£ fW£ RftRUSS 
feLlOU)3 FORSOOK F(^8a)AVS TO FIWD 









U)T ruo OR\V£«. HAD CftR. io\-rM 

THE COl-OR OR 06CC«?«T»ofV/ f)& W\S 



BEST COPY A!f/IIU1B1£ 






50 WE "THIS WZZLE. 



1 



NO CAR FINISHEP THt mCi P 

jm CORRESTONPS TO ri^l^jyi 

(CAR*lpip NOTliNlSri 1*^ CAR*2 




2 




CAR 





7 oRwtaof 



8. l^t OffSMtJk op 
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HATED T\t£ DRwei^ 




9. *THi 0«AV£J^ iO&^RMOi^ 





10. 



11 
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Worksheet Trig. 1-B 



1, 




The above diagram shows a corner of a watershed area. 
We are at a point 1000 feet from the tip of the area. 
Find the shortest "line transect" to the other side 
of the watershed area»so we may construct an overflow 
drainage tile with the least amount of cost. 



Our watershed area is in the shape of a large triangle. 
Find the area of our watershed using the length of the 
sides as being 8 miles, 10 miles and 6 miles. 



Our waterfall is of unknown height. Standing at a 
point 83 feet from the base of the waterfall, we observe 
the angle of elevation to be 15° just as the sun sets 
behind the waterfall crest. How high is the waterfall? 

4« The ecosystem unit for practical management must include 
for every acre of water at least 20 acres of terrestrial 
watershed. Using these figures, would an area of 5,250 
acres of terrestrial watershed support a water area of 
250 acres? 





ERIC 



gjS, con MMUBU 

Answers to Trig, 1"B 

1. 422.6 

2. 48 /"TT" or 311.08 square miles 

3. 22.77 feet 

4. Yes 
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Worksheet Stat, I-A 



If Data - 



1959 
1961 
1963 
1965 
1967 
1969 



amount of CO2 in the world's air in ppm 

(parts per million) 

313 
314 

315 1/2 
317 
319 
321 



Construct a line graph showing the rise of COo in 
our atmosphere. ui. ^2 xn 



2. Data: Sulfur oxides 33.4 

Particulate matter 35.2 

Carbon monoxide 151.4 

Hydrocarbons 37.4 

Nitrogen oxides 23.8 



Amount of 
pollutants in 
air (millions 
of tons) 



Graph, by use of a histogram, the percentage of air 
pollutants produced in the U.S. in 1969. 
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324 
322 
320 
318 
316 
314 
312 
ppm 



Answers to Stat. 1"A 



59 



61 



63 



65 



67 



69 



2, %»s 



Sulfur oxides 
Particulate matter 
Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 



/-2 



D 



11.88% 
12.51% 
53.84% 
13.30% 
8.47% 



12% 
13% 
54% 
13% 
8% 



^0 i¥n<f. u Hdo NO 
mrr. 
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Worksheet Stat. 2"? 
Make a histogram using the data given below: 



Phosp ha tes In Detergents 



Calgon 


75.5% 


Axion 


43.0% 


Biz 


40.4% 


Salvo 


30.7% 


Punch 


25.8% 


Ajax Laundry 


25.2% 


Splc and Span 


23.0% 


Breeze 


22.2% 


Cheer 


22.0% 


Fab 


21.5% 


Cold Water All 


9.8% 


Wisk 


7.6% 


Trend 


1.4% 


Ivory Snow 




Vel 




Lux 





Compute the mean, mode and median (to the nearest percent) 
using the data given above. 



Make an ogive using the data given above. 
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Answers to Stat« 2-F 



Mean 21% 
Mode 22% 
Median 22% 
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Worksheet A.A« l^B 

1. The number of automobiles in use in the United States in 
the year 2000 is predicted to be seven times as many as 
in 1947. The number in 1970 is 2.6 times as many as in 
1947. If the automobiles in Los Angeles County are res- 
ponsible each day in 1970 for putting 30 tons of deadly 
sulfur dioxide into the air, and the predicted growth of 
the United States automobile population is accurate, how 
many pounds per day of sulfur dioxide will be put into 
the air in Los Angeles County in the year 2000? 

2. If air pollution, causing the sun*s heat to be trapped, 
increases the average daily mean temperature of the earth 
by .1 degree C each year, and if the average daily mean 
temperature of the southern polar ice cap was -75 degrees F 
in 1970, by what year will the average daily mean tempera- 
ture of the southern polar ice cap be 32 degrees F (ready 
to melt) ? 

3. The age of the air polluter now plus the age of the water 
polluter 6 years ago is 3 times the number of gallons of 
water used for bathing by an average American each day. 
Six years ago the air polluter was half again as old as 
the water polluter was. Fourteen years from now (in the 
future) the air polluter will be one and one-fourth times 
as old as the water polluter. How many gallons of water 
does an average American use for bathing in a week? 

4. A 1965 automobile of a certain make and model pollutes the 
air 5 times as much as a 1970 automobile of the same make 
and model. The 1965 auto started at the beginning of a 
section of highway traveling 50 mph at a steady rate. Two 
hours later the 1970 automobile started at the same place 
and traveled in the same direction at a steady rate of 65 
mph. If the 1970 car pollutes the air at the rate of n 
cubic feet per hour, how many n cubic feet of pollutants 
were emitted by each car by the time the 1970 car 

caught up to the 1965 car? 
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« 

Answers to A.A> 1*B 

1. 161,538 6/13 pounds 

2. To 32° F. by the year 2563. 

3. 130 2/3 gallons per week, 

4. 1970 car: 6 2/3 
1965 car: 43 1/3 
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Worksheet A. A. 2»-D 



We shall consider the Fibonacci Sequence as being set up 

as follows: (Ui, U2» U3, U4i ) Remember that 

and U2 are both equal to 1. Each number in the sequence, 
thereafter, is equal to the sum of the two preceding 
numbers . 



1. Make a list of the first forty numbers of the 
Fibonacci Sequence. 



2. Does the difference of the squares of two Fibonacci 
numbers, whose subscripts differ by two, produce 
another Fibonacci number? Use numbers which will 
allow you to check this in the numbers you have set 
up in problem number 1. 



3« If r is any integer, is Un a factor of \J 1 Keep r 
small so you can again use your answers for problem 1 



4. Solve this Determinant. 



3 

13 
55 



5 8 
21 34 
89 144 



5. 



Will successive Fibonacci ntunber determinants always 
yield this answer? 



Answers to A. A. 2-D 



Ui « 


1 


U11 




89 


Uo, 


a 


10946 


Uoi 

ji 


a 


1346269 




1 


Ui9 


a 


144 


22 


a 


17711 


32 


a 


2178309 


u« « 


2 


IJ 




233 


23 


a 


28657 


33 


a 


3524578 


U4 « 


3 


Ul4 




377 




a 


46368 




a 


5702887 




5 






610 




a 


75025 




a 


9227465 


H - 


8 


"16 


a 


987 


"26 


a 


121393 


U36 


= 


14930352 


U7 « 


13 


"17 


a 


1597 


"27 


a 


196418 


U37 




24157817 


"8 - 


21 


"18 


a 


2584 


"28 


a 


317811 


U38 


a 


39088169 


U9 - 


34 


"19 




4181 


"29 


a 


514229 


U39 


a 


63245986 


"10^ 


55 


"20 


a 


6765 


"30 


a 


832040 


% 


a 


102334155 



2. Yes 

3. Yes 

4. 0 

5. Yes 
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Worksheet A, A, J'B 



1, One day, at Hot Rod Harry's Used Car Lot; Harry had 12 
1972 cars, eight 1971 cars, ten 1970, fifteen 1969 and 
fifteen cars pre-1969. All post-1970 cars have 
pollution control devices. 

a* What is the probability that Tom (a consumer) will 
buy a non-polluting vehicle? 

b. What is the probfibility that Harry's first three 
sales will be no polluting cars? 

2, In Smog City, at the annual clean air parade, they had 
six convertibles in the lead. One was a 1932 Stutz 
Bearcat. The others were 1973— an Olds, a Cadillac, 

a Buick, a Lincoln md a Ford. In how many different 
ways can the cars be arranged, with the condition that 
the 1932 polluter must be last? 

*3, Donona, Pennsylvania, is a small town in the steep 
valley of the Monongahela River; in 1948, it had a 
population of approximately 12,000. During October, 
a temperature inversion formed, which trapped the 
smoke from factories and fog, to form smog. This lasted 
six days. Approximately 6,000 people became ill and 
15 men and 5 women diedo A temparature inversion of 
this sort occurs approximately 12 days each year (use 
360 days per year) . 

a. What is the probability that a person will die from 
smog pollution on a given day? 

b. What is the probability that a person will become 
ill from smog pollution on a given day? 

*4. The lung cancer rate for men over 45 in the smoggiest 
part of Staten Island, New York, is 55 per 100,000. 
In less smoggy areas, the rate is 40 per 100,000. 
Approximately 1 out of 3 men over 45 live in the 
smoggiest area. 

a. What is the probability a given male over 45 living 
on Staten Island will have lung cancer? 

* Data from Ehrlich and Ehrlich, Population, Resources & 
Environment , 1970, ICE RMC, 165"^ 

5. The hazard due to smog is great for about 10% of the 
population who have a predisposition to lung ailments* 
In 1970, the nitrogen dioxide level exceeded state 
safety standards on 115 days in the Los Angeles Basin, 
What is the probability that you, as an average citizen 
living in the Los Angeles Basin, would become ill due 
to smog? Use 360 days in a year. 
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Answers to A. A. 3"B 



1. a. 20/60 = 1/3 b. 20 19 . 18 « 57 

BIT 3^ W T7TT 

2. 5*4*3.2«1 « 120 ways P(A) = 12 = 1 

3^ TI 

3. A « event of inversion 6000 ^ ««v. 
B - event of illness 6""da ' ys " P®"^ 
C * event of death 

p(B/A) = 1,000 = 1 r^afr- 3 

P<C/A) = 10 1 

26,000 TTStJtr 

P(AOB) P(A) • P(B/A) « 1/12 • 1/12 = 1/144 
P(Ar\C) » P(A) • P(C/A) « 1/12 • 1/3600 « 1/43,200 

4. A = event of lung cancer in male over 45 in Staten Island. 
B = event of living in smoggiest part of Staten Island. 

C = event of living in clearer sections of Staten Island. 

P(B) = 1/3 BA C = 0 

P(C) * 2/3 
P(AIB) « 55/100,000 
P(AIC) = 40/100, QOO 

P(A) = P(AOB) + P(AAC) 

« P(B) • P(A/B) + P(C) • P(A/C) 

« 1/3 • 55/100,000 + 2/3 • 40/100,000 

« 11/60,000 + 16/60,000 « 27/60,000 « 9/20,000 

""^ll above safety levels 
7cZ 



-*4'7y below safety levels 

>redisposition 
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No predisposition 
Probability of becoming ill « 23/720 
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Worksheet Calc. 1-A 



Ss 



1, One side of an open field is bounded by a straight 
river. How would you put a fence around the other 
three sides of a rectangular plot in order to enclose 
as great an area as possible with a given length of 
fence? 



2. An oil can is to be made in the form of a right 
circular cylinder to contain one quart of oil 

57.75 in3). what dimensions of the can will 
require the least amount of material? 



3. On a small farm, the total cost of producing x acres 
of wheat each year is $(10x2 + 350X + 25) and the price 
per yield is $(2000 - x) . What should be the yearly 
output to obtain a maximum total profit? What is the 
maximum profit? 



4. In the problem above, each acre produces 75 bushels of 
wheat (« approximately 225 cu. ft,). The farmer needs 
to build a cylindrical storage bin with an open top 
just large enough to hold his yearly harvest. What are 
the dimensions which minimize the amount of material 
used to construct the bin? 



ERIC 
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Answers to Calc. 1-A 




k » length of fence ^ 
Area « x (k-2x) « kx-2x^ « A 

^ = k-4x - 0 
cx 



K-Zl- 





X =» k 

The plot should be k/4 wide and 
k/2 long, 

'""^'l? K. 2r . 2^f^ V 67. 76 m 

The height of the cylinder should be twice the radius, 

3. Cost « C » 10x2 + 350x + 25 
Income « i = 2000 - x 
Income/x acres 2000x « x2 
Profit = p = I - c = l,650x - llx*^ - 25 

« 1,650 - 22x = 0 
X « 75 acres 

The farmer should plant 75 acres. 

4. Total volume « (75) (225) cubic feet « 16,875 ft.3 

A^-irr*^2irrK 

The height should be equal to the radius. 
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